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SUMMARY: Four thousand elementary-school-age children from a rural 
area of western Pennsylvania participated in a cross-sectional 
survey that consisted of a standardized respiratory questionnaire 
completed by their parents and spirometric testing at school. 
Spirographic tracings were digitized to obtain the FVC, 
FEVO. 75, FEF25-75, Vmax75, and Vmax90, : which were standardized for 
height, age, and sex for the subsequent analyses. Independent 
associations of potential risk factors with the standardized 
pulmonary function measures were evaluated with multiple regression 
techniques. Asthma, persistent wheeze, and parental smoking habits, 
especially those of the mothers, were associated with lower flow 
rates. The effect of parental smoking was primarily due to smoking 
by the mother and was stronger in girls. In female children of 
currently smoking mothers, FEF25-75 was 96% of predicted, Vmax75 
was 95% of predicted, and Vmax90 was 92% of predicted; each' flow 
measure was 98% of predicted in male children of smoking mothers. 
Prolonged hospitalization at birth was independently associated 
with lower FEVO.75 and flow rates. Low socioeconomic status was 
associated with lower FVC and FEVO.75. Neither current gas stove 
use nor a history of severe chest illness before 2 yr of age were 
independently associated with lower levels of pulmonary function. 
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SUMMARY Four thousand •(•manta ry school-a ga children from a rural sraa of *•*!•«> P*nn*y(. 
vanla participated In a croaa-aoctional survey that consisted ol a standardized respiratory quet- 
t too naira completed by thafr pa rant* and spirometric lasting at school. Spbographic tracing* war* 
digitized to obtain the FVC, FEV*.^ FEF^ m Vmax m and Vmax,*, which were standardized tor 
baight, age, and sex for tha subsequent analyse*. independent association* of potantial risk fac¬ 
tor* with tha standardized pulmonary function maasuras wara evaluated with multiple ragraaaibn, 
technique*. Asthma, persistent wheeze, and parental smoking habit*, aapacialty thoaa of tha 
mothw, wara asaoeiatad with lower flow rata*. Tha affacf of parantal smoking was primarily do# 
fesm okinqby the mother and was stronger in girls. In iemeie children of currently smoking mother s , 
PEF*_ n was 99% of predicted, Vmax n was 95% of predicted, and Vmax« was 92%^ predicted; 
aach tkow maaaura was *8% of pradictad in maka chi id ran of smoking mother*. Prolonged hospitali¬ 
sation at birth was independently associated with lower FEY*™ and flow rata*. Low socioeco- 
nomic status was asaociatad wHh kowar FVC and FEV,.,* Neither, current gai stove uaa nor a 
history of severe chast Hlnaas bat ora 2 yr of aga wara indapandantly asaociatad with kowar iavala 
of pulmonary function. am rev RESaiR OiS its*; uon»7-i*2 


Introduction 

I he identification of risk factors for 
lower levels of pulmonary function in 
children may lead to specific strategies 
for early intervention. Of particular in¬ 
terest' at present' are the possible effects 
on children of exposure to gas stove 
fumes and to parental smoking (1). Also 
of continuing interest is the hypothesized 
relationship between childhood respira¬ 
tory illness and the subsequent develop¬ 
ment of chronic air-flow obstruction in 
adult life (2)j A decreased level of pul¬ 
monary function in children may in¬ 
fluence susceptibility to tobacco smoke 
in adulthood. Because there is still lack 
of agreement on the factors that increase 
a child's risk for lower levels of pulmo¬ 
nary function, further characterization 
of risk factors in large population sam¬ 
ples is needed. 

As pan of a series of studies investigat¬ 
ing the health effects of air pollution in 
adults and children in the Chestnut Ridge 
region of western Pennsylvania, we have 
previously reported the results of parent- 
completed questionnaires for 4,071 chil¬ 
dren 5 to 14 yr of age (3). Predictors of 
respiratory symptoms and illnesses in this 
population included younger age, male 
so, and low socioeconomic status (SES). 
Parental cigarette smoking was associat¬ 
ed with chest illnesses in the children but 
not with chronic cough, phlegm produc¬ 
tion, or persistent wheeze. This report de¬ 
tails findings from analysis of spiromet¬ 
ric testing in the same sample of children. 

Methods 

Study A rea and Population 
The study area and study population have 
been previously described (3): Briefly, the area 
hi rural region of western Pennsylvania cod- 
sisting of parts of Indiana, Armstrong, and 
Westmoreland counties in which 4 large coal- 
ffftd power plants are located. Agreement to 
Participate was obtained from all public 
elementary schools in the area. Fourteen 
schools were selected to provide a uniform 
* e °piphic and age distriimtion, with all chil¬ 


dren in Grades 1 through 6 in the schools 
selected being asked to participate. Testing was 
completed between February and May 1979. 

Questionnaire 

The American Thoracic Society, Division of 
Lung Diseases, 1978 Children’s Questionnaire 
(ATS-DLD-78Q (4), with slight modification, 
was sent to the homes of all the children. In¬ 
formation was obtained from parents or guar¬ 
dians concerning respiratory symptoms and 
illnesses in the children, household environ¬ 
mental exposures, and parental smoking his¬ 
tory, occupation, and educational attainment. 
At schooL, an interviewer-administered ciga¬ 
rette smoking questionnaire was completed 
away from teachers and other students by each 
child in Grades 4 through 6. Children were 
considered cigarette smokers if they had ever 
smoked 5 or more cigarettes and were cur¬ 
rently smoking. Persistent wheeze was defined 
as wheeze with colds and wheeze occasional¬ 
ly apart from colds, or wheeze on most days 
or nights. 

Pulmonary Function Testing 
All pulmonary function tests were ad¬ 
ministered in the schools by trained techni¬ 
cians using calibrated 8-Iiiter Stead Wells sur¬ 
vey spirometers (Warren Collins, Inc., Brain¬ 
tree, MA). Classroom demonstrations of the 
forced vital capacity (FVC) maneuver were 
given, and the students practiced as a group: 
Standing height was measured in stocking 
feeu Each child performed FVC maneuvers 
while seated and without a noseclip. At least 


5 attempts were made to obtain a minimum 
of 3' acceptable FVC maneuvers, using the 
criteria for acceptability recommended in the 
ATS statement of the Snowbird Workshop (5). 

Acceptable tracings were entered into a 
computer by hand digitization using a pro¬ 
gram (6) that rejected tracings with flow con¬ 
tinuing at greater than 60 ml/s at the end of 
expiration. Flow rates at low lung volumes 
were obtained from smoothed curves by cal¬ 
culating the slopes at given percentages of ex¬ 
pired vita] capacity. Pulmonary function 
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measurements from the digitizing program 
have been shown to be comparable to those 
made by hand or to direct measures of flow 
using a pneumotachygraph (6). 

Criteria for Test Selection 
Testing was considered acceptable if the sec¬ 
ond largest FVC and forced expiratory vol¬ 
ume in one second (FE\\) were within 10% 
or 200 ml of the largest values (7). If the sub¬ 
ject's tests were acceptable, FVC was selected 
from the curve with the largest FVC, and 
forced expiratory volume in three quarters of 
a second (FEV 0 . r ») from the curve with the 
largest FEV,. The mean forced expiratory 
flow rate during the middle half of the FVC 
(FEF**-t») and the maximal expiratory flows 
at 75 and 90% of the expired vital capacity 
(Vmax T », Vmax**) were the mean values from 
all curves with an FVC within 10% or 200 
ml of the largest FVC Mean values were cho¬ 
sen to improve the stability of the digitized 
measures. 

Analysis of Data 

Pulmonary function measurements were stan¬ 
dardized for chest size by regressing the nat¬ 
ural logarithm of the measurement on height, 
age, sex, and product terms of height tiroes 
age, height times sex, and age times sex. Only 
those size-standardizing variables that were 
significant predictors (p < 0.05) of the pul¬ 
monary function variables were included in 
models for the subsequent analyses. Even 
though the logarithmic models explained no 
more of the variation in pulmonary function 
measurements than the untransformed 
models, both normality and horooscedastic- 
iry of the residuals (observed minus predict¬ 
ed) were improved by the logarithmic trans¬ 
formations (8). Quintiles of SES derived from 
parents' occupation and education (3) were 
grouped into low (V and IV), middle (III)i 
and high (II and I) categories. Black children 
and children in Grades 4 through 6 who 
smoked cigarettes were excluded from the 
analysis. 

Potential risk variables were defined cate¬ 
gorically (1 - present, 0 ■ absent), and in¬ 
cluded persistent wheeze, physician-diagnosed 
asthma, severe chest illness before 2 yr of age, 
current cigarette smoking by the mother on¬ 
ly, the father only, or by both parents, use 
of a gas stove for cooking, low SES, and a 
history of continued hospitalization at birth 
after the mother was discharged! Crude esti¬ 
mates of the association of these variables 
with each pulmonary function measure were 
obtained by adding each variable alone to a 
multiple regression model, adjusting only for 
chest size. A stepwise multiple regression was 
then performed for each pulmonary function 
measure with the independent variables, in¬ 
cluding all of the categorically defined varia¬ 
bles and the size-standardizing terms. Simi¬ 
lar regression models were fit without the re¬ 
spiratory symptom and illness variables. The 
dose-response relationship between the 
amount of current parental smokir^ . 
dren's pulmonary function was evaluated by 


substituting variables that indicated the num¬ 
ber of cigarettes smoked daily (1 to 14, 15 to 
24,25 or more) by each parent for the paren¬ 
tal smoking variables. Percents of predicted 
pulmonary function were generated by trans¬ 
forming the regression coefficients from the 
log scale to the natural scale. 

Modification of the parental smoking as¬ 
sociations by either the child's sex or age, or 
by asthma or persistent wheeze, was tested 
by introducing interaction (product) terms to 
the models. For example, the coefficient of 
an interaction term composed of the product 
of the child's sex and maternal smoking esti¬ 
mates the differential effect of maternal smok¬ 
ing on girls and boys. 

Results 

Questionnaires were completed for 4,071 
children, 93% of those selected (3). Af¬ 
ter excluding the 55 black children and 
the 52 children who smoked, an addition¬ 
al 29 children were excluded because FVC 
was not acceptably reproducible, 151 be¬ 
cause FEV, was not reproducible, 275 be¬ 
cause neither was reproducible, and 181 
because less than 2 acceptable tracings 
were present. Spirometry was not per¬ 
formed by 153 children who returned 
questionnaires. The final sample consist¬ 
ed of 3*175 (80.1%) of the 3,964 white, 
nonsmoking children with completed 
questionnaires. 

Children included in the pulmonary 
function analysis were compared with 
children with completed questionnaires 
who were excluded. No significant differ¬ 
ences were present with respect to sex, 
geographic Location, use of gas stoves, 
parental smoking, SES, or prolonged 
■ hospitalization at birth; Prevalences of 
respiratory symptoms or illnesses were 
also similar. The mean age of those not 
included in the analysis (X * 107.8 
months) was significantly lower (p < 0.01) 
than the mean age of those included (X 
« 114.4 months), reflecting the ability 
of older children to perform spirometry 
better than younger children! Only 69% 
of children 5 to 7 yr of age had spirome¬ 


try analyzed compared with 87% of those 
11 to 14 yr of age (table 1). 

Height, age, and sex were significant 
predictors (p < 0.05) of all pulmonary 
function measures. Boys had lower flow 
rates (FEF 2 *- 7 », Vmax 7 *, Vmax*>)but 
higher FVC and FEV 0 . T , than did girls, 
after adjusting for height and age. A sig¬ 
nificant interaction between age andsec 
was present for all pulmonary function 
measures, except FVC, with flow rates 
in girls increasing with age relhtive to 
boys. Interaction between age and height 
was significant only for the flow rates at 
low lung volumes. No significant inter¬ 
action between height and sex was 
present. 

After adjusting for the significant size- 
standardizing terms, each potential 
predictor was initially evaluated singly 
without adjusting for the other predic¬ 
tor variables. Variables that were as¬ 
sociated with pulmonary function in this 
crude analysis (table 2) included persist¬ 
ent wheeze, asthma, severe chest illness 
before 2 yr of age, prolonged hospitali¬ 
zation at binh, SES, parental smoking 
by only the mother, and smoking byboth 
parents. Gas stove use was significantly 
predictive only of FVC. Cigarette smok¬ 
ing by only the father was not predictive 
of any pulmonary function measure. 

The associations of each of these vari¬ 
ables with pulmonary function in the 
presence of other significantly predictive 
variables were evaluated in the stepwise 
multiple regressions. As in the crude anal¬ 
ysis, physician-diagnosed asthma and 
persistent wheeze were independently as¬ 
sociated with lower flow rates (tablfc 3). 
However* severe chest illness before 2 yr 
of age was not independently associated 
with any of the spirometric tests. Only 
by omitting the variables indicating 
wheeze and asthma did severe chest ill¬ 
ness before 2 yr of age enter the models. 
A history of a prolonged hospitalization 
at birth was a significant predictor of low¬ 
er flow rates and FEV 0 . 7J . 


TABLE 1 


AGE DISTRIBUTION OF WHITE, NONSMOKING CHILDREN'BY SPIROMETRY STATUS 


AQ9 

(y0 

Number with 
Acceptable 
Spirometry 

Number with No or 
with Unacceptable 
Spirometry 

Total 

Proportion 
with Acceptable 
Spirometry 

5-8 

56 

22 

78 

0.72 

7 

05 

199 

844 

0.69 

8 

574 

142 

716 

0j80 

9 

500 

133 

833 

0.79 

10 

535 

132 

667 

0.80 

11 

564 

89 

653 

0.86 

12 

430 

57 

487 

0.88 

13-14 

, 71 

15 

86 

0.83 

Total 

3,175 

789 

3,964 
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Children of smoking parents had low¬ 
er flow rates, controlling for all other sig¬ 
nificant predictors, than did children of 
nonsmoking parents (uble 4)* However, 
FVC was slightly but signif cantJy larger 
in children of smoking mothers* Ex¬ 
posure to only maternal smoking was as¬ 
sociated with reduction in all flow rates, 
whereas paternal smoking was signifi¬ 
cantly associated only with lower Vmax«>. 
For each pulmonary function measure, 
the lower function seen in children with 
both parents smoking was not signifi¬ 
cantly different from that in children with 
only a mother smoking. However, the de¬ 
crease seen in children with only a father 
smoking was less than that in children 
with only a mother smoking. Because the 
association between parental smoking 
and children’s pulmonary function was 
almost entirely the result of maternal 
smoking, the subsequent analysis of 
dose-response and of interaction was 
limited to maternal smoking. 

Decreases in children’s pulmonary 
fuytion associated with maternal smok- 
ingdid not differ by the amount smoked 
for any of the pulmonary function meas¬ 
ures. A similar lack of dose-response was 
observed when the analysis was confined 
to children with nonsmoking fathers. 
Children of ex-smoking mothers did not 
have significant dif ferences in pulmonary 
function from children of nonsmoking 
mothers. 

Testing of the decreases in children’s 
pulmonary function seen wit^matemal 
smoking by sex suggested tliiif maternal 
smoking was associated with lower lev¬ 
els of pulmonary function in female chil¬ 
dren than in male children; this differ- 
fme was significant only-for Vmax* (ta¬ 
ble 5)* Although kvds^ of pulmonary 
function in male children of smoking 
mothers wenppwer than in children of 
ubnsmoking^ mothers, the differences 
we not statisticaUy significant- Similar¬ 
ly, children with persistent wheeze tend¬ 
ed to have lower levels associated with 
maternal smoking than did children with¬ 
out wheeze; however, because of the rel¬ 
atively small numbers of children with 
both, persistent wheeze and a smoking 
mother, none of the observed differences 
wt significant (table 5). The maternal 
smoking associations were not signifi¬ 
cantly changed by the presence of 
Physician-diagnosed asthma, and did not 
v *ry according to the child’s age^ 

Low SES was significantly associated 
Wh lower FVC and FEV 0 . r „ but not 
*ith lower flow rates (uble 6). Use of 
a gas stove in the home did not indepen- 


TABLE 2 


PERCENT OF PREDICTED PULMONARY FUNCTION IN CHILDREN WITH;THE 
POTENTIAL RISK FACTORS: CRUDE ANALYSIS’ 



FVC 

FEV, n 

FEF^„ 

Vmax n 

Vmax* 

Doctor-d lag noted 

102.4* 

97.2* 

87.9* 

85.0* 

87.2* 

asthma 

Partisan! whaexe 

101.2 

97.2* 

90.1* 

88.7* 

91.6* 

Chest Illness 

100.4 

98.6 

95.8* 

95 

95.lt 

before 2 yr of ege 
Prolonged newborn 

100.7 

96.5* 

91.7* 

91:0* 

94.6* 

hospitalization 

Only mother 

1D2.1* 

100.2 

95-B* 

94.9* 

93.6* 

amoking 

Only father 

994 

99.6 

100.3 

100.4 

100.1 

smoking 

Both parents 

100.7 

99.6 

87.9 

97.7 

96.6* 

amoking 
(aaa stove 

99.2* 

99.4 

99.7 

100.1 

99.3 

Low SES 

98.6* 

96.4* 

98.4 

100.0 

101.0 


DttmtUoc ot tt>b*wrisiK>nr. FVC * forced vital capacity; FEV,.* ■ forced axp^rnory volume Wi 0.75 aecood; FEF^^ 
* foread expiratory flow during middle halt of FVC; Vmax* and Vmai* * maximal flow after exhalation ot 75 end 90% 
ot FVC; SES a socioeconomic status. 

* Pulmonary function was standardized tor height, apt. hi, and thair significant (p < 005) interactions but not tor 
Othar nek factor*. Saa tha lari tor th# definition of aach vertabto. Two-a«5aC p-valuet last tor difference* in percent pre¬ 
dicted between thoaa chi id ran with and thoaa without (100% predicted) tha apaclftad characteristic. 

t p < 006. 

* p < o.ov 


TABLE 3 


PERCENT OF PREDICTED PULMONARY FUNCTION MEASUREMENTS IN CHILDREN 
WITH; HISTORIES OF SYMPTOMS AND ILLNESSES* 


Pulmonary 
Function Test 

Doc tor-Diagnosed 
Asthma 
(n e 107) 

Persistent Wheeze 
(n s 225) 

Chest Illness 
Before 2 Yean 
of Age 

(n * 251) 

Prolonged Newborn 
Hospitalization 
(n ■ 142) 

FVC 

10Z5* 

100.6 

100.2 

99.0 

FEV*.n 

98.7 

97.3* 

99.4 

96.6* 

FEF^ 

92.1* 

92.6* 

994 

92.6* 

Vmax„ 

89.3* 

91.9* 

99.1 

92.0* 

Vmax^ 

89.9* 

94.6* 

97.8 

95.7 


For definition ot abbreviation*. aaa tab la 2. 

* Independent variable* wara addad to modal* controlling tor all othar variables that war* significant predictor* Ip < 
0-05) ot the pulmonary function maaaura. Two-sided p-vaiue* l*al for dttterence* In parcant predicted barwaan thoaa 
chlfdran with and thoaa without (100% predicted) tha specified char act an* he (n » rmmbar ot chltoran with tha specified 
characteristic), 
t p < 005. 

*p <001. 


TABLE 4 


PERCENT OF PREDICTED PULMONARY FWCT10N MEASUREMENTS IN CHILDREN 
WITH PARENTS WHO SMOKE* 


Pulmonary 

Function Test 

Only 

Mother Smokes 
(n * 268)* 

Only 

Father Smokes 
(n * 689)* 

Both 

Parents Smoke 
<n - 673) 

FVC 

101.8* 

99.5 

101.1* 

FEV. n 

100.1 

99.6 

99.9 

FEF^ 

95.2* 

98J 

97.6* 

Vmax„ 

94.4* 

998 

97.4* 

Vmax* 

92-2* 

96.9* 

94.8* 


For dat Wilt ton of abbreviation*, aaa Ubto 2. 

* tndapandani vanatnaa wara addad to modal* controlling for all othar variable* mat wara sign if leant predictors (p < 
0.05) ot tha pulmonary tunciton maaaura. Tw©*atoad p-aaiuaa fast tor dltlaranca* In parcant predicted between thoaa 
chlkvan wtth and thoaa wtthout (100% predicted) parants who tmofce (n m number of chltoran with tha apaclftad 
characteristic). 

1 Include* onfy aubjact* wtth currant smoking data on both parent*. 

*p< OIOS. 

* p < 0.01. 
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TABLE 5 

PERCENT OF PREDICTED PULMONARY FUNCTION MEASUREMENTS IN CHILDREN WITH 
A MOTHER WHO SMOKES, CLASSIFIED BY SEX AND PERSISTENT WHEEZE* 

Mother Smoker 



Mothaf 
Ndrtsmokar 
(n-2,066) 

Mate 

(n« 536) 

Famate 

(n*523) 

Par* 1st ant 
Whaexa 

(A-77) 

No 

Persistant 

Wheaze 

(n-962) 

FEF^ 

100.0 

97.8 


90.6t 

97^t 

Vmax„ 

100.0 

96-0 

W.6* 

91.7t 

96.8t 

Vrnax** 

tOQ.0 

97.5 

92.1* 

92J 

95.0* 


For tfsftnHloA of «bbr*rtStlo«*, tab** 2. 

* te t oictkw tenM urt tdO*d to model* eofttrouteff tor*M other vartebl** that ware significant predictor* (p < Q-OS) 
Of tha puimonary function m*Muf*a. Two-*id*d pwaio** t*at for dlfftrancaa In percent predicted between children 
wtth the specified cfterect e ristic and children with nonsmoking mother* (n * number of children with tha specified 
charactartattci. 

tp<ooa. 

*p < am. 

• Differe nce be t ween mala and famaia children of smoking mother* la sipntfleart (p < 0.05k 


dcntly predict any of the pulmonary 
function measures. 

Discussion 

Our findings support the hypothesis that 

fay the mother^can reduce le!^ af^ul- 
monaiy function in their children. The 
reductions seen with maternal smoking 
were largely limited to female children 
and were present only for flow rates. The 
association persisted after controlling for 
children’* respiratory symptoms, and 01- 
besses,and for other variables that might 
hive accounted for the observed associ¬ 
ation. Other significant independent 
predictors of the level of children’s pul¬ 
monary function included prolonged 
hospitalization at birth, low SES, persist¬ 
ent wheezing, and a diagnosis of asth¬ 
ma. Neither gas stove use nor a history 

after controlling for ^ oth^ 
predictors* yufi' licrStr lev¬ 

els of pulmonary function. 

Other investigators also have reported 
an association between parental smok¬ 
ing and children’s pulmonary function. 
Thger and coworkers (9) found an inverse 
correlation between maternal lifetime 
cigarette smoking and FEVt in male chil¬ 
dren. These investigators, in another 
population sample (10), also found that 
FEFi*-™ decreased in children of smok¬ 
ing parents as the number of parental 
smokers increased. More recent findings 
from this same cohort (11) indicated that 
maternal, but not paternal, smoking was 
significantly associated with lower 
FEF»- 7 * in the children. Yarnell and St. 
Leger (12), in a small sample of 214 chil¬ 
dren, found lower FEV 0 . 7 » and FEF 2 *- y » 
in children whose mothers smoked dur¬ 
ing pregnancy. Only girls had lower lev¬ 


els of pulmonary function associated 
with current maternal smoking. Hassel- 
blad and associates (13) reported a dose- 
response relationship between FEV 0 . 71 
and current maternal smoking, but found 
no association with paternal smoking. 

Absence of association between paren¬ 
tal smoking and children’s pulmonary 
function also has been reported. Leeder 
and coworkers (14) did not find a signifi¬ 
cant relationship between peak expira¬ 
tory flow rate (PEFR) and parental 
smoking. Schilling and associates (15), 
in a small population sample of 816 chil¬ 
dren, examined several puimonary func¬ 
tion measures (FVC, FEV», PEFR, 
Vmax w , Vmaxrs), and generally failed to 
find a significant association with mater¬ 
nal smoking; only Vmax» was signifi¬ 
cantly lower in female children of smok¬ 
ing mothers. This latter finding was in¬ 
terpreted as spurious because there was 

TABLE 6 

PERCENT OF PREDICTED PULMONARY 


FUNCTION IN CHILDREN WITH GAS 
STOVE EXPOSURE AND LOW 
SOCIOECONOMIC STATUS* 


Puimonary 
Function Test 

Gas Stovt 
Exposura 
(n* 1,631) 

Low 

Socioeconomic 
Status 
(n* 1,085) 

FVC 

99.3 

98.67 

FEV^ 

99.6 

98.41 

FE 

too.i 

96.4 

Vrw„ 

100.2 

10(L2 


99.6 

101.4 


For definition erf abbreviation*. see table 2. 

* Independent variable* wor* added to model* control* 
Hng for Ml other variables that were significant predictor* 
tp < 0.05) of th* pulmonary function measur*. Two-eteed p- 
v*lve* ini for difference* in p*rc*nt predicted fa *tw**n 
tho** children with vri tho** without 000% predicted) 
th* specified cherecttristic (n ■ number of children with 
th* specified ch*r*ct*n»tick 

T p < 0.05. 

* p < 0.01. 


no reduction in Vmax y , and no reduc¬ 
tions were found in male children. How¬ 
ever, our data also show that female chil¬ 
dren of maternal smokers had lower flow 
rates than did male children. These in¬ 
vestigators adjusted for parental pulmo¬ 
nary function before examining the as¬ 
sociation between parental smoking and 
children’s pulmonary function, because 
parental puimonary function highly/ 
correlated with parental smoking, adjust¬ 
ment for parental pulmonary function 
may have masked any association of pa¬ 
rental smoking with chil dren’s pulmo¬ 
nary function. Speizer and coworkers 

(16) , in a large population sample of ap¬ 
proximately 8,000 children (the Six-City 
Study), initially found no association be¬ 
tween parental smoking and children’s 
FEVl After additional' cohorts were 
added to this sample (1), a small but sig¬ 
nificant association was found. Dodge 

(17) , in a sample of 676 children, demon¬ 
strated no decrease in FEVY in children 
whose parents smoked. As noted, the as¬ 
sociation in our data between parental 
smoking and lower levels of children’s 
pulmonary function occurred with those 
pulmonary function tests that reflect 
small airway function; FEF**- m VmaXr*, 
and Vmax*, (table 4). Failure to demon¬ 
strate an association between PEFR or 
FEV t and parental smoking is, therefore, 
not inconsistent with our findings. 

Two reports have presented analyses of 
the association between parental smok¬ 
ing and FVC; one found no association 
(15), whereas the other demonstrated a 
small increase in FVC (1). Our data also 
show that FVC was slightly but signifi¬ 
cantly larger in those children exposed 
to maternal smoking. Chance may bej^ae 
explanation for this as$odation t ^lf- 
*Hough plausible hypotheses can be con- 
4 $triacted. An increase in FVC may b$ due 
man rngrease in the amount of ludg pa- 
rehcfa^iC to an increase in the complj- 
anajofthe lung or chest wall, or to in¬ 
creased muscularity. Abel and associates 

(18) found that the lung weight/body 
weight ratio in female rats whose mothers 
received nicotine throughout pregnancy 
was higher than in control animals. No 
significant differences were observed for 
other organs. Exposure to nicotine in 
utero may result in an increase in lung 
parenchyma, which, if subject to normal 
growth in childhood, might result in an 
increased vital capacity. Several stimuli 
in early life have been reported to result 
in increased lung parenchyma, including 
hypoxia (19), increased oxygen consump¬ 
tion (20), and human growth hormone 
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(21). However, the relevance of these stim¬ 
uli in the setting of passive cigarette 
smoke exposure is not known. 

Because our data are cross-sectional, 
it was not possible to identify a critical 
time in a child’s life that these effects of 
parental smoking occur. Limitation of 
the effect of parental smoking on chil¬ 
dren’s pulmonary function primarily to 
female children, and finding a small as¬ 
sociation with paternal smoking but none 
with ex-smoking, suggested that some ef¬ 
fect occurs after birth. Because we have 
no assurance that ex-smoking mothers 
smoked during pregnancy, finding no as¬ 
sociation with ex-smoking does not by 
itself rule out an effect occurring m utero . 
The absence of modification of the 
maternal smoking association by the age 
of the child in this sample of children 5 
to 14 yr of age suggests that the effect 
either occurs before the age of 5 or is non- 
cumuiative. Prospective analyses de¬ 
signed to evaluate the timing of the ef¬ 
fect' of maternal smoking are needed. 

Evidence that the use of a gas stove 
in the home is associated with lower pul¬ 
monary function in children is conflict¬ 
ing and unconvincing. Florey and col¬ 
leagues (22) demonstrated that NO* con¬ 
centrations in the home were not 
associated with PEFR, FEV 0 .„, or 
FEF^i in children. Keller and cowork¬ 
ers (23) found no decreases in FVC or 
FEV 0 . y * in subjects from homes with gas 
stoves. However, only 42% of the eligi¬ 
ble sample had pulmonary function 
measurements, and only half of these 
were 15 yr of age or younger. Dodge (17) 
showed no decrease in children’s FEV, 
associated with gas stove exposure. Speiz- 
er and coworkers (16), in the Six-City 
Study, and Hasselblad and associates (13) 
found associations between exposure to 
a gas stove in the home and lower FEV t 
and FEV«. T1 in children, respectively, but 
the latter only in older female children. 
Subsequent analyses with additional co¬ 
horts in the. Six-City Study showed as¬ 
sociations that, although of similar mag¬ 
nitude, were no longer statistically sig¬ 
nificant (1). 

Ideally, classification of children by 
parental smoking or gas stove use should 
pertain to the period in a child’s life that 
the effect is hypothesized to occur. If the 
effect is due only to current parental 
smoking or current gas stove exposure, 
then the classification used here is ade¬ 
quate. However, if the effect of the ex¬ 
posure occurred in the past, then some 
subjects may have been misclassified. The 
result of this type of misclassification is 


to bias an association toward the null hy¬ 
pothesis of no association (24). Because 
no association was found between chil¬ 
dren’s pulmonary function and gas stove 
use, such a bias might be the explana¬ 
tion. However, the association between 
children’s pulmonary function and pa¬ 
rental smoking could only have been 
weakened by a misclassification bias. The 
failure to find a dose-response relation¬ 
ship between the current level of mater¬ 
nal smoking and children’s pulmonary 
function may have resulted from a simi¬ 
lar misclassification. Because data were 
not collected on the lifetime smoking 
habits of the parents, it is possible that 
the current smoking amount did not re¬ 
flect the dose responsible for the effect. 
Classification by current smoking cate¬ 
gory may have blurred the true dosage 
categories, making the categories simi¬ 
lar with respect to true dose. 

In the previous analysis of the ques¬ 
tionnaire data from our Pennsylvania 
population (3), a history of severe chest 
illness before 2 yr of age was associated 
with a diagnosis of asthma. Thus, fail¬ 
ure to find an effect of chest illness on 
pulmonary function, after controlling for 
asthma and persistent wheeze, is not sur¬ 
prising. The association between chest 
illness and asthma could be explained by 
parents of children with asthma or 
wheeze preferentially recalling chest ill¬ 
nesses. It is also possible, however, that 
decrements in pulmonary function as¬ 
sociated with chest illness occurred only 
when asthma or wheeze also were pres¬ 
ent In the Tbcson population. Burrows 
and coworkers (25) found an association 
between respiratory illness before 16 yr 
of age and airways obstruction in adults. 
The strength of the association increased 
with the age of the adult, and was pres¬ 
ent even after excluding asthmatics. Be¬ 
cause our data address only the child¬ 
hood effects of chest illnesses occurring 
before 2 yr of age, no direct comparison 
with the data from the Tucson popula¬ 
tion is possible. 

The observed association between a 
history of a prolonged hospitalization at 
birth and lower pulmonary function was 
unexpected. Infants with bronchopulmo¬ 
nary dysplasia may have lower levels of 
pulmonary function that persist into 
childhood (26). Unfortunately, we do not 
have the data to investigate whether bron¬ 
chopulmonary dysplasia played a role in 
the association found in our data. 

The independent risk factors identified 
for diminished pulmonary function in 
this population of children include pa¬ 


rental cigarette smoking, .* especially 
smoking by the mother, prolbngcd 
hospitalization at birth, and low SES. 
Children with asthma or persistent' 
wheeze also had, as would be expected; 
lower levels of pulmonary function. No 
independent associations of pulmonary 
{motion with gas stove use or severe chest 
ifiness before 2 yr of age were found. The 
long-term effects of these risk factors on 
pulmonary function are currently un¬ 
known and will require prospective evalu¬ 
ation! 
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